accurate for pediatric recipients. 5 Kidney Donor Profile Index has also been shown to be inaccurate in its assessment of young pediatric donor kidneys, typically assigning them KDPI >35 percentile scores, which is worse than their actual measured graft function. 6 Under KAS, pediatric candidates do not have priority for KDPI >35 kidneys and, therefore, pediatric candidates do not have consistent access to kidneys from young pediatric donors. Not only might these kidneys outperform adult kidneys in children, but also certain young pediatric candidates require a pediatric kidney for anatomical reasons. 7 Furthermore, the changes in pediatric priority under KAS have led to a lower overall offer rate for pediatric candidates. 8 Therefore, the overall impact on kidney graft survival following the switch from Share-35 to top 35% KDPI for pediatric recipients is unknown.
At this point after KAS implementation, important transplant outcomes such as long-term graft survival cannot be determined.
However, delayed graft function (DGF), which has been previously associated with worse outcomes in pediatric kidney recipients, [9] [10] [11] can be assessed and may be an appropriate surrogate marker for graft survival. We aimed to 1) confirm the association of DGF with graft survival in the pediatric transplant population; 2) determine the effect of KAS on pediatric recipients by examining the rate of DGF before and after the policy was implemented; and 3) determine the factors that may contribute to any change in DGF rate post-KAS.
| ME THODS

| Data source, population, and outcomes
This study used OPTN data as of March 1st, 2017 obtained from the United Network for Organ Sharing (UNOS). Data on recipient, donor, and transplant factors for all kidney-alone deceased donor kidney transplants to pediatric recipients from 2006 to 2016 were collected. We divided pediatric recipients a priori into 2 previously identified cohorts: young (<10 years of age at listing) and adolescent (10-17 years of age at listing) 12 as we hypothesized that young pediatric recipients would be uniquely harmed by KAS. Recipient factors collected included gender, age, size, diagnosis, medical comorbidities, and sensitization data. Donor factors included age (categorized as young pediatric, adolescent, adult), race, comorbidities, cause of death, terminal creatinine, and size. Transplant factors included dialysis time, time spent on the waitlist, number of HLA mismatches, and cold ischemia time. The primary outcomes of the study were DGF and graft survival. Delayed graft function was defined by need for dialysis in the first-week post-kidney transplant. 13 
| Statistical analysis
| Association of DGF with graft survival
First, we determined the relationship between DGF and graft failure in the pediatric recipient population. Using data from all deceased donor kidney transplants in pediatric recipients from January 1st, For the main estimate of the effect of KAS on DGF, propensity score nearest-neighbor matching was used to match pediatric deceased donor kidney transplant recipients post-KAS (December 4th, 2014-December 31st, 2016) to pediatric recipients in the 5-year pre-KAS (January 1st, 2010-December 3rd, 2014) based on recipient characteristics. 15 In our propensity score, recipient factors previously associated with DGF 16, 17 were included to reduce bias based on changes in recipient characteristics over time. We performed balancing tests on our matched cohort with an absolute standardized difference of <10% being considered well balanced. 18 As a sensitivity analysis, we also estimated the adjusted odds of DGF post-KAS vs pre-KAS using a multivariable logistic regression model with all recipient factors as covariates. To account for a potential "bolus" effect post-KAS, we estimated the DGF rate separately in 2015 and 2016.
| Decomposition analysis
We did not control for changes in donor characteristics and transplant factors with our propensity score matching analysis as changes in these variables are consequences (or downstream effects) of KAS.
Instead, we used changes in donor and transplant factors to determine the mechanism by which KAS increased the DGF rate with the DiNardo-Fortin-Lemieux (DFL) method. 19 The DFL method is a semiparametric approach to decompose mean differences in outcomes between 2 groups into the percentage of the difference attributable to differences in covariates between the groups. 
| Trends in multiorgan transplants
Multiorgan transplant candidates get priority over pediatric candidates for high-quality low KDPI kidneys. 21 Given recipients. The rate of primary graft nonfunction (defined by failure within 90 days per OPTN policy) 21 was similar in both time periods for both groups (1.8% vs 1.2% for adolescents, P = .18 and 2.9% vs 3.0% for young recipients, P = .45). Young pediatric recipients transplanted post-KAS received organs from deceased donors with a significantly different age and size (height and weight) distribution (P < .01, Table 2 ). After KAS, young pediatric recipients received 34% fewer deceased donor kidneys from pediatric donors overall (32% pre-KAS vs 21% post-KAS, P < .01), including a 76% decrease in deceased donor kidneys from young pediatric donors (7% pre-KAS vs 1.7% post-KAS, P < .01 (Table 2 , Figure 5A ). Instead, young pediatric recipients received 727% more kidneys from donors over the age of 35 (1.1% pre-KAS vs 9.1% post-KAS, P < .01).
| DGF rates pre-and post-KAS by pediatric recipient age
The mean KDPI (2015 reference) for kidneys transplanted into young pediatric recipients decreased from 18.3% pre-KAS to 15.6%
post-KAS (P = .01; box plot of distribution of KDPI pre-and post-KAS displayed in Figure S2 ).
| Adjusted DGF increase for young recipients
The unadjusted odds of DGF among young pediatric recipients were 69% higher post-KAS (OR 1.69, 95% CI 1.07-2.67; Table 3 ). After adjustment for recipient factors in multivariable logistic regression, the odds were 75% higher (aOR 1.75, 95% CI 1.09-2.82, Table S2 ). In the propensity score-matched cohorts (N = 354 for each group), the odds of DGF were 71% higher after KAS (aOR 1.71, 95% CI 1 1.01-2.46). Balancing tests indicated good covariate balance with standardized differences were all <10% indicating successful matching of post-KAS recipients to similar pre-KAS recipients (Table S3 , Figure   S3 ). There were 8 highly sensitized (CPRA ≥99%) young pediatric recipients transplanted post-KAS that had to be excluded from the propensity score cohort as there were no highly sensitized recipients transplanted in the pre-KAS period. One of the 8 highly sensitized young recipients post-KAS developed DGF.
| Decomposition analysis
The results of the decomposition analysis are displayed in Table 4 .
Differences in donor factors (size and age) explained 24% of the increased odds of DGF post-KAS, and duration of dialysis prior to transplant explained 19% of the increased odds of DGF post-KAS.
Dialysis time, donor age, and donor size were well balanced in the propensity score-weighted sample distributions with standardized differences of <10% for all deciles for each covariate (Table S4, Figure 5B). Table S5 ) and the absolute number of KDPI <35 kidneys transplanted increased (3724-4801).
There was no significant trend in the percentage of KDPI <35 kidneys used by multiorgan transplants during the 2010-2016 period (Table S6 , P = .73). On average, 19.4% of KDPI <35 kidneys were used by multiorgan transplants during the study period (range 18.6%-19.9%).
| D ISCUSS I ON
In this UNOS database analysis of 3777 deceased donor kidney transplants in pediatric recipients, DGF was clearly associated with significantly worse graft outcomes. Among young pediatric recipients, DGF was associated with a 13% reduction in 5-year graft survival, similar to the drop in graft survival seen when adult recipients experience DGF. 23, 24 Kidney allocation system implementation was associated with a 70% increase in odds of DGF for young (<10 years at listing) pediatric recipients, but no increase in DGF for adolescent recipients. Young pediatric recipients had similar baseline characteristics in the pre-and post-KAS eras and after propensity score matching based on recipient characteristics, a similar magnitude of KAS associated increase in DGF was observed. In decomposition analysis, increases in donor age and size and recipient dialysis time each explained substantial portions of the post-KAS DGF risk.
TA TA B L E 1 (Continued)
The fact that DGF rates significantly increased for young pediatric recipients post-KAS implementation is an important warning sign that this vulnerable patient population is not being well served by KAS. The OPTN has already reported a 40% increase in DGF in the overall deceased donor-recipient pool, which was attributed to a "bolus" of transplantation of adult candidates with long dialysis times and high sensitization. 11, 13 Fortunately, for the adult population, the increase in DGF is steadily trending down and is expected to return to pre-KAS rates. 13 We demonstrate an even larger rela- mean KDPI provides evidence that KDPI, a tool developed for and with adult recipients is not accurate when applied to young pediatric recipients. In the context of fewer offers for pediatric candidates post-KAS, 8 perhaps transplant surgeons are falsely reassured by the "good" KDPIs of older donors and changing practices to accept organs that may be a poor physiologic fit for some young candidates. 4 Our decomposition analysis confirms that this KAS-related shift toward larger and older donors played a significant role in the DGF increase.
The decomposition analysis also revealed that longer dialysis times contributed to the DGF increase among young pediatric recipients. Because KAS gave additional priority to candidates whose initiation of dialysis preceded the time of their waitlist registration, a small shift toward longer dialysis time among pediatric recipients was expected. However, the longer mean wait times Further analysis of offer and acceptance/rejection data should be performed to explore the reasons behind the longer waiting time.
However, regardless of the exact cause, the persistence of longer wait times in years 1 and 2 post-KAS is troubling given the poor survival, growth, cognitive, and developmental outcomes of children on dialysis. 25, 26 We believe our results provide strong evidence for the need to modify the current kidney allocation system to better assess donor kidney quality for children. Because KDPI was derived for adult recipients, a potential solution would involve developing a novel donor ranking system specifically for young pediatric recipients and allocating young pediatric candidates the best organs for them according to this metric. Alternatively, a scoring system specifically designed to accurately score pediatric donor kidneys 6 could be im- 
| Study limitations
Our study has several limitations. First, the true value of an allocation system is best measured with graft and patient survival, but it is too early to use these measures to assess the impact of KAS. Instead, we use DGF, a known surrogate for graft survival confirmed to be independently associated with graft failure in our sample, 9,10 which can be meaningfully assessed with the limited time post-KAS implementation. Second, while the propensity score-matched analysis is based on measured recipient factors, it is possible young pediatric recipients are different after KAS implementation in ways not captured by the OPTN database, which could explain the increased DGF rate. Third, in decomposition analysis, about half of the increased post-KAS DGF risk remains unexplained. This is likely to be due, at least in part, to lack of overlap of donor covariate distributions that were not equalized with weighting. However, the final inverse propensity scoreweighted odds ratio is not significantly different than 1, indicating that there was no significant difference in DGF pre-and post-KAS after weighting by donor age, size, and dialysis time. This result supports our position that KAS poorly extrapolates to pediatric recipients.
Finally, inherent in any sequential time period analysis is the possibility of concurrent events that could explain the longitudinal F I G U R E 5 Donor age distribution for young pediatric recipients, pre-post KAS. A (left). The raw sample demonstrates how after KAS, young pediatric recipients received substantially fewer deceased donor kidneys from pediatric donors (32% pre-KAS vs 21% post-KAS, P < .01) and young pediatric donors (8.7% vs 3.8%, P < .01). B (right). In the propensity score-weighted sample, the post-KAS transplants are weighted to match the covariate distribution of the pre-KAS transplants. The donor age distributions have significantly better matching in the weighted sample by down-weighting >35 y of age and up-weighting pediatric donors (see Table S3 for standardized differences) Table S1 for the full multivariable logistic regression model and Table S2 for balancing in propensity score-matched cohort.
TA B L E 3 Effect of KAS on young pediatric recipients
TA B L E 4
Decomposition of pre-post KAS DGF rate for young pediatric recipients Semiparametric decomposition of the increased odds of DGF post-KAS via the DiNardo, Fortin, and Lemieux method. This method uses a propensity score and inverse probability weighting to estimate the counterfactual outcome if post-KAS recipients had received kidneys from the same donors with the same amount of dialysis time as pre-KAS recipients. Each row represents a set of variables added to the propensity score and the resulting reduction in the odds of DGF can be interpreted as the percent of the post-KAS DGF explained by the variables. See Figure 5 and Table S3 for balancing of covariates in the final model. Donor size variables included age, height, weight, and BMI.
trend. For example, global donor quality could have coincidentally worsened post-KAS in some way unrelated to KAS itself. We investigated the specific hypothesis that increasing multiorgan transplantation consumed more high quality, low KDPI organs and, therefore, reduced the pool of high-quality organs for pediatric patients. While there was an increase in the absolute number of low KDPI kidneys used in multiorgan transplants during the study period, we found no significant trend in the proportion of KDPI <35 kidneys used in multiorgan transplants. Therefore, the DGF increase among young pediatric recipients seen in this paper is unlikely to be attributable to utilization of low KDPI kidneys by multiorgan transplants.
Furthermore, if donor kidney quality for young pediatric candidates is worsening over time, KAS is not detecting it because the mean KDPI of donors transplanted into young pediatric recipients actually decreased post-KAS.
| CON CLUS IONS
The implementation of KAS was associated with a 70% increase in odds of DGF for young (<10 years at listing) pediatric recipients of deceased donor kidneys. The increase in DGF can be attributed to changes such as a shift toward larger and older donors and longer dialysis times for recipients. Delayed graft function in young pediatric recipients is associated with significantly worse graft survival,
suggesting that KAS will ultimately lead to worse graft survival outcomes in children. A change in kidney allocation policy should be considered to re-establish the full pediatric advantage that Share-35 attained.
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